Each initial structure is optimized and then is run for 500 ps at different temperature until the pressure and energy of the system are stable, respectively, keeping both the given temperature and the pressure P=1 atm (the time step ∆t=0.1 fs), in the NPT ensemble controlled by the Nose-Hoovers thermostat 1,2 . To obtain the mechanical properties, the above equilibrium structure from NPT ensemble is kept in NVT ensemble for 200 ps and the mechanical properties under uniaxial and biaxial tension as well as shear deformation are derived. To obtain the reliable MD results and save the computational cost, we set the strain rate at 1×10 -5 /fs under uniaxial tension and shear deformation, in which such strain rate has been also validated for other materials (such as BP, carbon nanotubes and MoS 2 3-5 ). Periodic boundary
Each initial structure is optimized and then is run for 500 ps at different temperature until the pressure and energy of the system are stable, respectively, keeping both the given temperature and the pressure P=1 atm (the time step ∆t=0.1 fs), in the NPT ensemble controlled by the Nose-Hoovers thermostat 1, 2 . To obtain the mechanical properties, the above equilibrium structure from NPT ensemble is kept in NVT ensemble for 200 ps and the mechanical properties under uniaxial and biaxial tension as well as shear deformation are derived. To obtain the reliable MD results and save the computational cost, we set the strain rate at 1×10 -5 /fs under uniaxial tension and shear deformation, in which such strain rate has been also validated for other materials (such as BP, carbon nanotubes and MoS 2 3-5 respectively, which will avoid the effect of the periodic boundary condition on their mechanical behaviors. 
where ω is the amplitude, λ is the wavelength, v is the Poisson's ratio, and γ is the shear strain. The Poisson's ratios are chosen as 0.11 9 and 0.38 (from present MD results in NPT ensemble). The comparison between MD and theory is shown in Fig.   S2 . The present MD results agree well with those from the theory. 
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The other key issue is whether the new phase can be kept stable at different temperatures along the zigzag direction after unloading process in Fig. 3a . Fig. S3 shows the final structures along the zigzag direction after unloading process from strain ε=15% at different temperatures from 1 K to 300 K, in which the new phase can be kept well after unloading process. Unloading structures (after unloading process from strain ε=15%).
